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(54) Multiple-gear vehicle transmission 

(57) A multiple-gear vehicle transmission (3) has a 
split gear assembly (17) on its input side, a range gear 
assembly (19) on its output side, and a main gear as- 
sembly (18) between them. A drive power of an engine 
(1 ) is transmitted to a propeller shaft (5) via the multiple- 
gear vehicle transmission (3). The split gear assembly 
(17) has a neutral position (N) in addition to high and 
low gear positions (H, L). In general, a splitter controller 
(9, 20) intermittently shifts the split gear assembly (17) 
between the neutral position (N) and high gear position 
(H) to intermittently lubricate various parts such as bear- 



ings (61 A, 61 B, 61 C) and synchronization mechanisms 
in a transmission casing (3a). By shifting the split gear 
assembly (17) into the high gear position, a counter 
shaft (32) is caused to rotate so that oil is scooped up 
toward the bearings by the countershaft (32) and is also 
supplied to the bearings by an oil pump (35). However, 
when the engine (1) is started after a considerable pe- 
riod, the controller (9, 20) prohibits the split gear assem- 
bly (17) from being shifted into the neutral position (N) 
in order to continuously lubricate the bearings (61 A, 
61 B, 61 C) for a certain period. The intermittent lubrica- 
tion is conducted after that. 
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Description 

[0001] The present invention relates to a multiple- 
gear transmission applied in a tractor or other vehicle. 
[0002] Because the total vehicle weight of a tractor- 
trailer that can pull a trailer varies considerably depend- 
ing on whether the trailer is attached or not, an auxiliary 
transmission may be mounted to the main transmission 
for switching between high and low speeds in order to 
improve drive performance. This type of auxiliary trans- 
mission may include a splitter mounted on the input side 
of the main transmission and a range gear mounted on 
the output side of the main transmission as disclosed in 
Japanese Patent Application Laid-Open Publication No. 
8-159258. 

[0003] The conventional splitter has only the two po- 
sitions of high speed (HIGH) and low speed (LOW), and 
it must be in one of these two positions at all times. 
[0004] However, this construction gives rise to the fol- 
lowing problem. That is : many long-distance drivers 
take naps while running the air conditioner. In these cir- 
cumstances, because the engine drive power is trans- 
mitted to a counter shaft of the main transmission via 
the splitter when the vehicle is parked and the engine is 
idling, a counter gear mounted to the counter shaft and 
a main gear mounted to a main shaft in a transmission 
casing are engaged and rotating at all times, and there- 
fore a rattling noise occurs due to the colliding of the 
gear teeth. This ratting noise is conveyed to the interior 
of the vehicle, and heard by the sleeping driver. 
[0005] To address this problem, such measures as 
changing the clutch damper characteristics or addition- 
ally providing a scissors gear may be possible. Howev- 
er, because the drive power is conveyed to the counter 
shaft in any event, these are not fundamental solutions. 
They would also increase the total length of the trans- 
mission assembly (main and auxiliary transmissions), 
which makes mounting of the transmission assembly 
difficult. 

[0006] Accordingly, the inventor of the present inven- 
tion has proposed a solution to the problem described 
above in Japanese Patent Application No. 11-81 9915 or 
corresponding European Patent Application No. 00 124 
438.3 filed November 8, 2000, entitled "MULTI-STAGE 
TRANSMISSION OF VEHICLE," the entire disclosures 
of which are incorporated herein by reference and re- 
ferred to as "preceding invention." In this proposed tech- 
nology, the splitter has a neutral position in addition to 
high and low gear positions. The drive power transmis- 
sion is interrupted at the splitter by shifting the splitter 
to the neutral position , Therefore, if the splitter is brought 
into the neutral condition, the counter shaft rotation is 
stopped, and the noise caused by the engaging and rat- 
tling of the gears can be eliminated. 
[0007] In the meantime, a problem of insufficient lu- 
brication may arise when the splitter is left in the neutral 
position for a long period of time, because oil cannot be 
circulated or splashed by the counter gear and the oil 



pump cannot be driven for a long period of time. Various 
parts in the transmission casing should be lubricated by 
the oil supplied upon rotation of the counter gear and/ 
or oil pump. In the preceding invention, therefore, the 
5 splitter is intermittently shifted between the neutral po- 
sition and a different position, such that the counter gear 
is rotated at predetermined intervals, and lubrication is 
intermittently carried out. 

[0008] However, the preceding invention entails an- 

10 other problem that when the vehicle is unused for a long 
period of time for maintenance, etc., oil completely falls 
off from the shaft support areas (bearings), synchro 
units, gallery, etc. in the transmission. If the splitter does 
not have a neutral position, and is locked in either the 

15 HIGH or LOW position, thecounter shaft begins to rotate 
upon starting of the engine, thereby initiating lubrication. 
Therefore, the driver can move the vehicle after a rela- 
tively short period of time after the engine is started. 
However in the case of the preceding invention, if the 

20 splitter is in the neutral position, lubrication does not oc- 
cur even when the engine is started. As a result, if the 
driver attempts to move the vehicle in this state, there 
is no oil circulating among the various transmission 
components, and the problem of insufficient lubrication 

25 occurs. 

[0009] An object of the present invention is to provide 
lubrication to the various transmission components and 
eliminate the problem of insufficient lubrication in a mul- 
tiple-gear vehicle transmission equipped with a splitter 

30 having a neutral position. 

[0010] According to one embodiment of the present 
invention, there is provided a multiple-gear vehicle 
transmission including a main transmission and a split- 
ter that operates as an auxiliary transmission on the in- 

35 put side of the main transmission, wherein the splitter 
has a neutral position in addition to high and low gear 
positions, and wherein the multiple-gear transmission 
has splitter control means that intermittently shifts the 
splitter between the neutral position and a high (or low) 

40 gear position, and splitter neutral shift prohibition means 
that prohibits the splitterfrom being shifted to the neutral 
position when the engine is starting up. By shifting the 
splitter into the high or low gear position, a counter shaft 
is caused to rotate and various parts in a transmission 

45 casing are lubricated by oil that is splashed up by the 
countershaft or delivered by an oil pump attached to the 
countershaft. When the splitter is shifted to the neutral 
position, on the other hand, the counter shaft does not 
rotate. In a certain period from starting of the engine, 

so sufficient lubrication oil may not penetrate to the parts 
in the transmission casing. Thus, the counter shaft is 
caused to rotate to insure sufficient lubrication to these 
parts. After a while, the splitter is intermittently shifted 
between the high gear position and neutral so that the 

55 lubrication takes place intermittently. 

[001 1 ] The splitter neutral shift prohibition means may 
prohibit the splitter from shifting to the neutral position 
until a prescribed period of time has elapsed after the 
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engine is started. 

[001 2] The splitter neutral shift prohibition means may 
prohibit the splitter from shifting to the neutral position 
until a vehicle speed has exceeded a prescribed value 
after the engine is started. 

[001 3] A range gear that operates as another auxiliary 
transmission may be provided on the output side of the 
main transmission. 

Fig. 1 illustrates a structure diagram of a multiple- 
gear transmission according to the present inven- 
tion; 

Fig. 2 illustrates the construction of an engine drive 
system including the multiple-gear transmission 
shown in Fig. 1; 

Fig. 3 illustrates the construction of a splitter actu- 
ator used in the engine drive system shown in Fig. 2; 

Fig. 4 illustrates an operation matrix of the splitter 
actuator; 

Fig. 5 is an oil temperature estimation map; 

Fig. 6 is a flowchart showing the basic control proc- 
ess for the splitter; 

Fig. 7 is a flowchart showing the process to deter- 
mine the HIGH shift trigger interval, etc.; 

Fig. 8 is an enlarged vertical cross-section showing 
a range gear assembly and associated parts; 

Fig. 9 is a flowchart showing the process for prohib- 
iting the splitter from shifting to a neutral position; 

Fig. 1 0 is a flowchart showing the process for main- 
taining the splitter neutral shift prohibition control; 

Fig, 11 is a flowchart showing an alternative process 
for maintaining the splitter neutral shift prohibition 
control; and 

Fig. 12 illustrates another alternative for maintain- 
ing the splitter neutral shift prohibition control. 

[0014] Preferred embodiments of the present inven- 
tion will be described in detail below with reference to 
the attached drawings. 

[0015] Referring first to Fig. 2, illustrated is an engine 
drive system for the vehicle in which the present inven- 
tion is applied. As shown in the drawing, a multiple-gear 
transmission 3 is mounted to an engine (diesel engine 
in this embodiment) 1 via a clutch 2, and the output shaft 
4 (see Fig. 1) of the transmission 3 is connected to a 
propeller shaft 5 to drive a rear axle (not shown in the 
drawings). The engine 1 is electronically controlled by 



an engine control unit (ECU) 6. The ECU 6 determines 

the current engine rotation speed and engine load 
based on the outputs from an engine revolution speed 
sensor 7 and an accelerator pedal sensor (sensor for 

5 detecting how deep an accelerator pedal is stamped by 
a driver's foot) 8, and based mainly on these outputs, 
controls the fuel injection pump la, i.e., decides the fuel 
injection cycle and the injection amount. 
[001 6] The clutch 2 and the transmission 3 may oper- 

10 ate automatically based on control signals from a trans- 
mission control unit (TMCU) 9. The ECU 6 and the TM- 
CU 9 are connected via a bus cable, etc., and may com- 
municate with each other. 

[001 7] The clutch 2 is a mechanical friction clutch, and 

*5 is automatically disengaged and engaged by a clutch 
actuator 10. Manual engagement by a clutch pedal 11 
is also possible. Thus, the clutch 2 is a so-called selec- 
tive automatic clutch. The clutch actuator 1 0 is operated 
pneumatically, such that pneumatic pressure is supplied 

20 and terminated (released) based on a switching opera- 
tion of an electromagnetic valve unit 1 2 operated by the 
TMCU 9, whereby the clutch 2 is automatically disen- 
gaged or engaged. For the manual clutch disengage- 
ment and engagement, a hydraulic valve is located in- 

25 side the clutch actuator 10. Hydraulic force is supplied 
or terminated from a master cylinder 13 in response to 
the operation (stamping and releasing) of the clutch 
pedal 11, whereby the hydraulic valve is opened or 
closed by this hydraulic force. As the valve is opened 

30 and closed, the supply or termination of pneumatic pres- 
sure to the clutch actuator 10 is controlled, and the 
clutch 2 is manually disengaged or engaged. Where the 
manual clutch engagement/ disengagement interferes 
with the automatic clutch engagement/ disengagement, 

35 then the manual engagement/disengagement takes pri- 
ority. 

[001 8] A clutch stroke sensor 1 4 that detects a clutch 
stroke (movement of a particular element of the clutch 
2) and a clutch pedal stroke sensor 1 6 that detects the 

^0 clutch pedal stroke (how deep the clutch pedal 1 1 is 
stamped) are also connected to the TMCU 9. 
[0019] The transmission 3 basically has a constant- 
mesh construction (oris an "always engaged" type), and 
includes a split gear assembly 17 on the input side, a 

^5 range gear assembly 1 9 on the output side, and a main 
gear assembly 18 in between these two gear assem- 
blies. The engine power that is conveyed to an input 
shaft 15 (see Fig. 1) of the transmission 3 is sent to the 
split gear assembly 1 7, the main gear assembly 1 8 and 

50 the range gear assembly 19, in that order, and is then 
output to the output shaft 4. The split gear assembly 1 7 
is an auxiliary transmission on the input side and the 
splitter of the present invention. The range gear assem- 
bly 19 is another auxiliary transmission on the output 

55 side and the range gear of the present invention. The 
main gear assembly 1 8 serves as the main transmission 
of the transmission 3. 

[0020] The transmission 3 has a splitter actuator 20, 
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a main actuator 21 and a range actuator 22 that carry 
out automatic shifting for the split gear assembly 1 7, the 
main gear assembly 18 and the range gear assembly 
19, respectively. These actuators are also operated 
pneumatically in the same way as the clutch actuator 5 
10, and are controlled by the TMCU 9. A split gear po- 
sition sensor 23, a main gear position sensor 24 and a 
range gear position sensor 25 that detect the current po- 
sitions of the gear assemblies 17, 18 and 19, respec- 
tively, are connected to the TMCU 9. A main counter 
shaft rotation speed sensor 26, a main shaft rotation 
speed sensor 27 and an output shaft rotatio n speed sen- 
sor 28 are also attached to the transmission 3, and are 
connected to the TMCU 9. 

[0021] Disengagement/engagement control for the 
clutch 2 and shifting control for the transmission 3 are 
performed mainly based on signals from a shift lever unit 
29 in the interior of the vehicle. In other words, when the 
driver shifts the shift lever 29a of the shift lever appara- 
tus 29 to a certain position, a corresponding shift com- 
mand signal is sent to the TMCU 9, and based on this 
signal, the TMCU 9 causes the clutch actuator 1 0, split- 
ter actuator 20, main actuator 21 and range actuator 22 
to operate appropriately, and a series of shifting opera- 
tions are then carried out. The TMCU 9 then displays 
the current shift position on a monitor 31 . 
[0022] In addition, a parking brake switch and a PTO 
switch are also electrically connected to the TMCU 9 to 
always monitorthe running condition of the engine 1 and 
the current status of the vehicle. 
[0023] Fig. 1 shows the internal construction of the 
transmission 3. As illustrated, an input shaft 15, a main 
counter shaft 32 (counter shaft of the transmission), a 
main shaft 33 and the output shaft 4 are located inside 
a transmission case 3a. The input shaft 15, main shaft 
33 and output shaft 4 extend coaxially, and the main 
countershaft 32 extends in parallel to and below the oth- 
er three shafts. 

[0024] The front end (where the left side of the draw- 
ing is deemed the front) of the input shaft 1 5 is supported 
by the transmission case 3a. The frontmost end of the 
input shaft 1 5 is connected to the output element of the 
clutch 2, and the rear end part of the input shaft 15 re- 
ceives and supports the front end of the main shaft 33. 
The rear end of the main shaft 33 is supported by the 
transmission case 3a, and a sun gear 65 (described be- 
low) is fixed to the rearmost end of the main shaft 33. 
The rear end of the output shaft 4 is supported by the 
transmission case 3a. The main counter shaft 32 is also 
supported by the transmission case 3a. Transmission 
oil O is housed inside the transmission case 3a. An oil 
pump 35 to circulate the transmission oil is attached to 
the rear end of the main counter shaft 32. 
[0025] The construction of the split gear assembly 1 7 
and the main gear assembly 18 will now be described. 
A split high gear SH is rotatabiy mounted to the input 
shaft 15. Main gears M4, M3, M2, M1 and MR are rotat- 
abiy mounted on the main shaft 33 in that orderfrom the 



front. The gears SH, M4, M3, M2 and M1, but not the 
gear MR, respectively mesh with counter gears CH, C4, 
C3, C2 and C1 fixed on the main counter shaft 32 in an 
always engaged condition. The gear MR is continuously 
engaged with a reverse idle gear IR, which is continu- 
ously engaged with a counter gear CR fixed to the main 
counter shaft 32. 

[0026] Splines 36 that enable selection of the gears 
SH, M4, M3, M2 and M1 mounted to the input shaft 15 
and the main shaft 33 are provided in an integrated fash- 
ion on each of the above gears. Located in close prox- 
imity to the front and rear or to the rear of these splines 
36 are first through fourth splines 37 through 40. The 
first spline 37 is located at the rear end part of the input 
shaft 1 5 in an integrated fashion therewith. The second, 
third and fourth splines 38, 39 and 40 are located in an 
integrated fashion with the main shaft 33. First through 
fourth sleeves 42 through 45 are located such that they 
are engaged with the first through fourth splines 37 
through 40 and can slide forward and backward. The 
first through fourth sleeves 42 through 45 engage with 
and separate from the nearby splines 36 of the gears by 
their sliding movement, as indicated by the arrows in 
Fig. 1 , so as to link together or separate the first through 
fourth splines 37 through 40 and the gear splines 36. 
[0027] First through fourth shift arms 47 through 50 
are located such that they engage with the first through 
fourth sleeves 42 through 45. The first shift arm 47 is 
connected to the splitter actuator 20, and the second 
through fourth shift arms 48 through 50 are connected 
to the main actuator 21 . 

[0028] As described above, the split gear assembly 

17 and the main gear assembly 18 have a constant- 
mesh construction in which they may be automatically 
shifted by the actuators 20 and 21 , and the desired gear 
may be selected by each actuator appropriately moving 
the first through fourth sleeve 42 through 45 and linking 
the splines. A synchromesh mechanism not shown in 
the drawing exists in between each spline unit, such that 
linking may occur in a synchronous fashion. A neutral 
position by which the transmission 3 is placed in neutral 
is defined in the spline unit of the main gear assembly 

18 that includes the second through fourth splines 38 
through 40. 

[0029] The area to the main gear M4 and the counter 
gear C4, inclusive, comprises the split gear assembly 
17, and the area between the main gear M4 and the 
counter gear C4 on the one hand, and the main gear 
MR, the counter gear CR and the reverse idle gear IR 
on the other hand, comprises the main gear assembly 
18. 

[0030] The construction of the range gear assembly 

1 9 will now be described. The range gear assembly 1 9 
employs a planetary gear train 34, and is switched only 
between the positions of HIGH and LOW. The planetary 
gear train 34 includes a sun gear 65 fixed to the rearmost 
end of the main shaft 33, a plurality of planetary gears 
66 that engage with the sun gear 65 around its circum- 
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ference, and a ring gear 67 on the inner circumference 

of which are formed teeth that engage with the outer cir- 
cumference of each planetary gear 66. The planetary 
gears 66 are rotatably supported by a common carrier 
68, which is linked to the output shaft 4. The ring gear 
67 is integrally formed with a hollow cylinder 69, which 
is placed around the output shaft 4 such that it can rotate 
relative to the output shaft 4, thereby defining a double 
shaft structure together with the output shaft 4. 
[0031] The fifth spline 41 is integrally formed with the 
cylinder 69. In addition, an output shaft spline 70 is in- 
tegrally formed with the output shaft 4 such that it is ad- 
jacent to the rear part of the fifth spline 41 . A fixed spline 
71 is mounted to the transmission case 3a such that it 
is adjacent to the front part of the fifth spline 41 . A fifth 
sleeve 46 that engages with the fifth spline 41 is mount- 
ed such that it can slide forward and backward. 
[0032] When the fifth sleeve 46 slides forward as in- 
dicated by the arrow, it also engages with the fixed spline 
71 , linking the fifth spline 41 and the fixed spline 71 . The 
ring gear 67 becomes fixed to the transmission case 3a 
by this link, so that the output shaft 4 is driven to rotate 
at a reduction gear ratio larger than 1 . This is the LOW 
position. 

[0033] On the other hand, when the fifth sleeve 46 
slides backward as indicated by the arrow, it also en- 
gages with the output shaft spline 70, linking the fifth 
spline 41 and the output shaft spline 70. The ring gear 
67 and the carrier 68 become fixed to each other by this 
link, so that the output shaft 4 is directly driven to rotate 
at a reduction gear ratio of 1 . This is the HIGH position. 
[0034] A fifth shift arm 51 is mounted such that it en- 
gages with the fifth sleeve 46, and is connected to the 
range actuator 22. In this way, the range gear assembly 
19 is automatically shifted between HIGH and LOW by 
the range actuator 22. As described above, a synchro- 
mesh mechanism (not shown) is mounted between 
each spline unit of the range gear assembly 1 9, thereby 
enabling linking to be performed in a synchronous fash- 
ion. The area from the planetary gear train 34, inclusive, 
comprises the range gear assembly 19. 
[0035] Referring to Fig. 8, illustrated is a detail of the 
range gear assembly 19 and neighboring parts in en- 
larged scale. The main shaft 33 and the main counter 
shaft 32 are supported by the transmission case 3a with 
bearings 72 and 73. Roller bearings 74 through 76 sup- 
port the main gears M2, M1 and MR. 
[0036] A plurality of shafts 77 pass through and are 
supported by the carrier 68, and the planetary gears 66 
are mounted to the outer circumference of these shafts 
77 via roller bearings 78. The hollow cylinder 69 of the 
ring gear 67 is placed around the output shaft 4 such 
that it can rotate relative to the output shaft 4, thereby 
forming the double shaft structure. The output shaft 4 is 
supported by the transmission case 3a via a bearing 79. 
A flange 80 that links to the propeller shaft 5 is located 
at the rear end of the output shaft 4 (See Fig. 2). 
[0037] The transmission case 3a is divided into three 



areas by two partition walls 81 and 82. In other words, 
these areas are a main gear compartment 83, a plane- 
tary gear compartment 84 and a range spline compart- 
ment 85. A pump shaft 86 mounted to the rear end of 

5 the main counter shaft 32 traverses the planetary gear 
compartment 84 and connects to the oil pump 35 locat- 
ed in the range spline compartment 85. The main gear 
compartment 83 and the planetary gear compartment 
84 are communicated with each other, but the range 

10 spline compartment 85 is separate and independent 
from the other two compartments. The oil level inside 
the range spline compartment 85 is indicated by 0 R . 
This level is exactly the level that covers the fifth spline 
41 , the output shaft spline 70 and the fixed spline 71 . In 

is between these splines are located synchromesh mech- 
anisms not shown in the drawing, in the same manner 
as described above. 

[0038] An oil channel 87 extends inside the main shaft 
33 and the carrier 68 such that oil is supplied to the roller 

20 bearings 74 through 76, 78, etc. Oil expelled from the 
oil pump 35 is supplied through this oil channel 87. In- 
side the output shaft 4 is also formed a closed-off oil 
channel 98, which receives the oil from the oil channel 
87 of the main shaft 33 via a connecting tube 96. The 

25 oil from this oil channel 98 is supplied to the moving parts 
between the hollow cylinder 69 and the output shaft 4, 
the spline units and the synchromesh units via small oil 
channels 97 that extend in a radial fashion. The direction 
of oil supply is indicated by arrows. 

30 [0039] Referring back to Figure 1 , in this transmission 
3, when the first sleeve 42 is shifted forward or backward 
by the first shift arm 47 in the split gear assembly 17, 
HIGH or LOW position is obtained. Accordingly, eight 
forward gears are selectable for each of these HIGH and 

35 LOW positions (for a total of 1 6 gears), and one reverse 
gear is selectable. The main gear M4 and the counter 
gear C4 serve as the LOW gear of the split gear assem- 
bly 1 7 and as the seventh and eighth speed gears of the 
main gear assembly 18. 

40 [0040] When the first sleeve 42 is moved to the inter- 
mediate position in the split gear assembly 17 by the 
first shift arm 47, a neutral (N) position is obtained. In 
the neutral position, the first sleeve 42 is positioned on 
the spline 37 only; it does not engage with either of the 

45 adjacent splines 36 located in front and in back of it. In 
the conventional arrangement, there is no such neutral 
position, and either the HIGH or LOW position must be 
selected. 

[0041] The existence of this neutral position allows 
so the occurrence of the rattling noise described above to 
be eliminated. When the vehicle is parked and idling, 
the clutch 2 is engaged and the main gear assembly 1 8 
is in neutral. If the split gear assembly 17 is shifted to 
the HIGH position in this state, the engine power is 
55 transmitted to the main counter shaft 32 along the fol- 
lowing route: the input shaft 15, the first spline 37, the 
first sleeve 42, the spline 36 of the split high gear SH, 
the split high gear SH, and the counter gear CH. When 



5 



9 



EP1 111 274 A2 



10 



this occurs, the counter gears C4, C3, C2, C1 and CR 
fixed on the main counter shaft 32, the main gears M4, 
M3, M2, M1 and MR mounted to the main shaft 33, and 
the reverse idle gear IR engage and rotate, resulting in 
a rattling noise caused by the colliding of the gears. 
[0042] If the split gear assembly 17 is shifted to the 
LOW position, the engine power is transmitted to the 
main countershaft 32 along the following route: the input 
shaft 1 5, the first spline 37, the first sleeve 42 , the spline 
36 of the main gear M4, the main gear M4, and the coun- 
ter gear C4. Consequently, the gears in the above gear 
group engage and rotate, resulting in the rattling noise. 
[0043] On the other hand, if the split gear assembly 
1 7 is shifted to the neutral (N) position, the engine power 
is cut off at the input shaft 15 so that only the input shaft 
15, the first spline 37 and the first sleeve 42 rotate, and 
the rotation of the gear group described above is pre- 
vented. In this way, the rattling noise caused by the col- 
liding of the gears is eliminated. 
[0044] Referring to Figure 3, illustrated is a construc- 
tion of the splitter actuator 20 that enables this neutral 
operation. A cylinder compartment 52 is formed inside 
the transmission case 3a, this cylinder compartment 52 
houses a first piston 53 and a second piston 54, and in 
this way the cylindrical compartment 52 is divided into 
three sub-compartments 52N, 52L and 52H. These cy- 
lindrical compartments 52N, 52L and 52H have respec- 
tive pneumatic paths 53N, 53L and 53H, which also ex- 
tend inside the transmission case 3a. These ports 53N, 
53L and 53H have electromagnetic valves 54N , 54L and 
54H, and extend to an air tank 55 respectively. A striking 
rod 56 is connected to the second piston 54 such that it 
can slide forward and backward (where the left side of 
the drawing is deemed the front), and the first shift arm 
47 that engages with the first sleeve 42 is fixed to the 
striking rod 56. 

[0045] I n this way, the first shift arm 47 is moved back- 
ward and forward in three stages by the first piston 53 
and the second piston 54, enabling the first sleeve 42 
to be moved to each of the positions of neutral (N), HIGH 
(8.i and LOW (L). 

[0046] Position sensors 58N, 58L and 58H that in- 
clude detent ball switches for detecting the HIGH, LOW 
and N positions, respectively, are associated with the 
striking rods 56. The split gear position sensor 23 is con- 
stituted by these position sensors. A single detent 
groove 59 is formed on the striking rod 56. Only the po- 
sition sensor of which detent ball is trapped in the recess 
59 becomes ON, thereby allowing the detection of each 
position. The electromagnetic valves 54N, 54L and 54H, 
and the position sensors 58N, 58L and 58H are electri- 
cally connected to theTMCU 9. 
[0047] The relationships among the electromagnetic 
valves 54N, 54L and 54H, the position sensors 58N, 58L 
and 58H, and the split gear assembly positions are as 
shown in Fig. 4. When the HIGH position ns selected, for 
example, only the electromagnetic valve 54H is turned 
on, and the remaining valves 54L and 54N are turned 



off. Because pneumatic pressure is supplied from the 
air tank 55 through the electromagnetic valve that is ON , 
and pneumatic pressure supply is stopped by the other 
electromagnetic valves that are OFF (the cylinder com- 

5 partments are opened to the air through the electromag- 
netic valves that are OFF), the pneumatic pressure is 
supplied to only the cylindrical compartment 52H. As a 
result, the two pistons 53 and 54 are simultaneously 
moved toward the frontmost end, and the split gear as- 

10 sembly 1 7 is shifted to HIGH. If the LOW position is se- 
lected, only the electromagnetic valve 54L becomes 
ON, and the first piston 53 is moved to the frontmost 
end, while the second piston 54 moves away to the rear- 
most end. Consequently, the split gear assembly 17 is 

15 shifted to LOW. 

[0048] When the neutral position is selected, the elec- 
tromagnetic valves 54H and 54N are simultaneously 
turned ON , and the electromagnetic valve 54L is turned 
OFF. If this occurs, the first piston 53 and the second 

20 piston 54 move closer together. The first piston 53 
strikes a piston stopper surface 60 and stops, and the 
second piston 54 strikes the first piston 53 and stops. 
Thus, both pistons end up positioned approximately in 
the center of the cylindrical compartment 52 so that the 

25 split gear assembly 1 7 takes the neutral position. 

[0049] A similar construction is used in the actuator 
22. As shown in Fig. 8, a cylinder compartment 90 is 
formed in the rear part of the interior of the transmission 
case 3a, a range piston 91 is housed in the cylinder com- 

30 partment 90 such that it may move forward and back- 
ward, and the cylinder compartment 90 is divided into 
two sub-compartments 90L and 90H. The sub-compart- 
ments 90L and 90H have respective pneumatic ports 
91 L and 91 H that are formed inside the transmission 

35 case 3a, and inlet nipples 92L and 92H are respectively 
mounted to the ports. These inlet nipples are respec- 
tively connected to an air tank via electromagnetic 
valves not shown in the drawing. 
[0050] A range striking rod 93 is connected to the 

40 range piston 91 such that it can slide forward and back- 
ward, and a fifth shift arm 51 that engages with the fifth 
sleeve 46 is fixed to the range striking rod 93. A detent 
groove 94 is formed on the range striking rod 93, and a 
position sensor (detent ball switch) 95 is provided near- 

45 by. This position sensor 95 serves as the range gear 
position sensor 25. As the position sensor 95 is turned 
ON and OFF, the HIGH or LOW position of the range 
gear assembly is detected, through the engagement or 
separation of the detent ball 95a with the detent groove 

so g4. 

[0051] When pneumatic pressure is supplied to the 
rear cylindrical compartment 90L, the range striking rod 
93 moves to the front and the range gear assembly 1 9 
enters the LOW position, while when pneumatic pres- 
55 sure is supplied to the front cylindrical compartment 
90H, the range striking rod 93 moves to the back and 
the range gear assembly enters the HIGH position. 
[0052] Incidentally, when the vehicle is parked and 
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idling and the split gear assembly 17 is maintained in 
the neutral position for a long period of time, the follow- 
ing problem occurs. With reference to Fig. 1, bearings 
are placed in all the shaft support areas in the transmis- 
sion case 3, and these shaft support areas are lubricat- 
ed either by the oil splashed by the counter gears C4, 
etc., or by the oil supplied from the oil pump 35. 
[0053] However, because the main counter shaft 32 
is not driven to rotate when the split gear assembly 1 7 
is shifted into neutral, the oil splashing and the driving 
of the oil pump 35 do not take place. 
[0054] When the split gear assembly 1 7 is in neutral 
while the vehicle is parked and idling, the only compo- 
nent that rotates as a practical matter is the input shaft 
15. As a result, there is no problem of inadequate lubri- 
cation of the shaft support areas for the othershafts, but 
at least there is a risk of inadequate lubrication of the 
shaft support area for the input shaft 15. Specifically, 
there is a risk that the three bearings 61 A, 61 B and 61 C 
shown in the drawing will suffer friction wear due to lack 
of lubrication, or in the worst case scenario, will become 
fused together. 

[0055] Accordingly, the split gear assembly 17 is in- 
termittently shifted between the neutral position and a 
different position, such that the main counter shaft 32 is 
caused to rotate, and lubrication of the shaft support ar- 
ea is intermittently performed. 

[0056] This intermittent lubrication will now be de- 
scribed in reference to Fig. 6 that shows the basic con- 
trol of this intermittent shifting operation. The control is 
performed by the TMCU 9. Here, it will be assumed that 
the driver is taking a nap while the vehicle is parked and 
idling and the air conditioner is running. 
[0057] The TMCU 9 first determines in step 601 
whether or not the conditions (splitter N conditions) for 
shifting the split gear assembly 1 7 into neutral (N) exist. 
These conditions are that the main gear assembly is in 
neutral, the vehicle speed is near zero, the parking 
brake is engaged, and the PTO switch is OFF, and ail 
of these conditions must be in effect for a prescribed 
minimum period of time (for example, three seconds). 
When the conditions are met, the TMCU 9 advances to 
step 602, and if the conditions are not met, the TMCU 
9 repeats step 601 . 

[0058] In step 602, the clutch 2 is automatically dis- 
engaged, and in the subsequent step 603, the splitter 
actuator 20 is operated and the splitter gear assembly 
17 is shifted into neutral. The TMCU 9 then advances 
to step 604, and the clutch 2 is automatically engaged. 
In step 605, the position sensor 58N checks whether the 
splitter gear assembly 17 is in neutral. When this check 
is completed, the TMCU 9 advances to step 606, in 
which a built-in timercounts the time and waits for a pre- 
scribed interval t lnt to elapse. This interval t jnt is deter- 
mined based on oil temperature in accordance with a 
method described below. 

[0059] When this interval elapses, the clutch 2 is au- 
tomatically disengaged in step 607, the split gear as- 



sembly 1 7 is shifted to HIGH (H) in step 608, the position 
sensor 58H checks in step 609 whether the shifting to 
HIGH has been completed, and the clutch 2 is automat- 
ically engaged in step 61 0. As a result, the main counter 
5 shaft 32 begins rotating, and lubrication is provided to 
the shaft support areas. 

[0060] The TMCU 9 then advances to step 611, in 
which the built-in timer counts the time and waits for a 
prescribed period t H to elapse. This period is determined 
in accordance with a method to be described below. 
When the period elapses, the TMCU 9 advances to step 
612 in which the clutch 2 is automatically disengaged, 
the split gear assembly 17 is shifted into neutral in step 

613, and the clutch 2 is automatically engaged in step 

61 4. With this, the control process ends. If this sequence 
is repeated, the split gear assembly neutral shifting 
process and the lubrication process are repeatedly per- 
formed any number of times. 

[0061] The methods to determine the interval tint in 
step 606 and the lubrication cycle interval t H in step 611 
(the period over which the split gear assembly 1 7 is shift- 
ed into HIGH) will now be described. 
[0062] As described above, in the basic control proc- 
ess, the split gear assembly 1 7 is shifted into HIGH each 
time a prescribed time interval elapses, such that the 
counter shaft 32 is rotated for a fixed amount of time, 
and lubrication is thereby provided. The relationship be- 
tween the interval that triggers a shift into HIGH, and the 
period used for a single lubrication cycle are important 
from the standpoint of balancing the lubrication perform- 
ance and the noise reduction performance. In this par- 
ticular embodiment, whether or not the lubrication is re- 
quired is determined from the oil's temperature, i.e., its 
viscosity, and the time periods described above are de- 
termined accordingly. 

[0063] The basic principle for this determination will 
be described below: if the oil is hot and its viscosity is 
low, the shaft support areas will easily lose their oil. 
Therefore, lubrication is performed at relatively short in- 
tervals. At the same time, because the hot oil easily per- 
meates into the moving parts, the period for one lubri- 
cation cycle is set to be short. If the oil temperature is 
low and the viscosity is high, on the other hand, the shaft 
support areas do not easily lose their oil, and therefore 
the lubrication interval is set to be long. At the same time, 
because the cold oil does not easily circulate among the 
moving parts, the period for one lubrication cycle is set 
to be long. If the oil temperature is extremely low and 
the viscosity is extremely high, the interval is set to zero 
such that the split gear assembly 17 is maintained at 
HIGH, the main counter shaft 32 is kept rotated, the oil 
is actively churned, and lubrication is continuously per- 
formed in order to heat up the oil rapidly and attain the 
desired lubrication performance quickly. When this oc- 
curs, a large degree of viscosity resistance occurs be- 
tween the gears so that very little noise is caused by the 
colliding of the gear teeth, and the rattling noise problem 
does not occur. 
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[0064] Testing with an actual machine is performed 
based on this principle to find out when lubrication is no 
longer maintained, and then the HIGH shift trigger inter- 
val and lubrication cycle period are determined while 
factoring in a safety margin. 

[0065] However, if the oil temperature were directly 
used as a parameter, a separate oil temperature sensor 
would be required. In this particular embodiment, ac- 
cordingly, the oil temperature is estimated based on the 
decrease in the rate of rotation of the main countershaft 
32 as measured by the main counter shaft rotation 
speed sensor 26 shown in Fig.1 and Fig2, and the HIGH 
shift trigger interval and the lubrication cycle period are 
determined based thereon. The main counter shaft ro- 
tation speed sensor 26 obtains rotational pulses from 
the counter gear CH and is originally provided for the 
shifting control, but here it is also used to estimate the 
oil temperature. Use of the single sensor 26 for two pur- 
poses reduces the manufacturing cost of the apparatus. 
[0066] An oil temperature estimation map used during 
the oil temperature estimation process is shown in Fig. 
5. In this map, the horizontal axis represents time t, while 
the vertical axis represents the rate of rotation Nc of the 
main counter shaft (in rpm). The two curved lines A and 
B representthe decline in the main countershaft rotation 
rate Nc when the oil temperature Toil equals Toill and 
Toil2, respectively. Toill is greater than Toil2, and Toill is 
set to 30°C and Toil2 is set to 0°C in this embodiment. 
The decrease in the rate of rotation begins from the main 
counter shaft rotation rate Ncidle that occurs when the 
engine is idling, and ends when the rate of rotation be- 
comes zero. Here, Ncidle is 500 rpm. The point at which 
the rotation rate begins to decrease is the point at which 
the clutch is completely disengaged. This starting point 
is indicated by t^. 

[0067] As shown in the drawing, the decline in the rate 
of rotation when the oil temperature is LOW (Toil2) is 
more severe than when the oil temperature is HIGH 
(Toih), and the time until zero rotation is shorter (At 2 < 
At 3 ). In the area under the curved line B Toil < Toil2, in 
the area sandwiched between the curved lines A and B 
Toil2 < Toil <Toil1 , while in the area above the curved 
line A Toill < Toil. 

[0068] There are two methods by which to estimate 
the oil temperature from the decline in the actual rotation 
speed. In one method, the decline in the rotation speed 
over a fixed time (A^) beginning from the starting point 
is detected and compared to the map, while in the other, 
the elapsed time from the starting point to the ending 
point is measured, and this period is compared with the 
time At 2 or At 3 in the map. In the illustrated embodiment, 
the former method is adopted because the results may 
be obtained using a short measuring time, but the latter 
method may be chosen instead. The oil temperature es- 
timation map is stored beforehand in the TMCU 9. 
[0069] An example of process for determining the 
HIGH shift trigger interval and the lubrication cycle pe- 
riod is shown in Fig. 7. This process is executed by the 



TMCU 9. Here, the determination of the trigger interval 
and lubrication period is performed concurrently with the 
clutch control carried out when the vehicle begins to 
move. 

5 [0070] First, it is required, as preconditions for vehicle 
movement, that the shift lever be in neutral (i.e., that the 
main gear assembly be in neutral), that the clutch be 
engaged, and that the engine be idling. When the driver 
shifts the shift lever into a drive position from this state, 

10 the clutch is automatically disengaged in order to put the 
transmission into gear. When this occurs, the split gear 
assembly is shifted into neutral in order to estimate the 
oil temperature and determine the HIGH shift trigger in- 
terval and lubrication cycle period. 

15 [0071] The process shown in the drawing is begun at 
the same time that the driver operates the shift lever. 
First, in step 701, the clutch is automatically disen- 
gaged, and in step 702 the split gear assembly (splitter) 
is simultaneously shifted into neutral (N). When this oc- 

20 curs, the main counter shaft rotation rate begins to de- 
crease from Ncidle. Therefore, in step 703, this decel- 
eration in the rate of rotation is calculated, and in step 
704, the oil temperature Toil is estimated. 
[0072] The TMCU 9 then advances to step 705, in 

25 which the estimated oil temperature Toil is compared 
with the previously set oil temperature Toih . If Toill <Toil, 
the TMCU 9 advances to step 706, and the HIGH shift 
trigger interval t jnt is set to t A (here, approximately two 
hours), and the time tH for a single lubrication cycle is 

30 set to a time shorter than time t c (which here is approx- 
imately five minutes). If Toil 1 > Toil, the TMCU 9 ad- 
vances to step 707, and the oil temperature Toil is com- 
pared with the set oil temperature Toil2. If Toil2 < Toil, 
the TMCU 9 advances to step 708, in which the HIGH 

35 shift trigger interval tint is set to t B (t B > t A , and here it is 
approximately four hours), and the period tH for one lu- 
brication cycle is set equal to time tc. If Toil2 > Toil, the 
TMCU 9 advances to step 709, in which the HIGH shift 
trigger interval tint is set to 0, such that the main counter 

40 shaft is continuously rotated until the oil temperature Toil 
reaches Toil2, and lubrication is continuously per- 
formed. 

[0073] Once the HIGH shift trigger interval t }nl and the 
lubrication cycle period t H are determined in this fashion, 
45 the TMCU 9 advances to step 71 0, in which main gear 
assembly shift control and clutch engagement control 
are performed, and the control process comes to an 
end. 

[0074] As described above, this control process al- 
so lows the longest possible HIGH shift trigger interval and 
the minimum lubrication cycle period to be obtained 
based on the actual oil temperature, the lubrication per- 
formance and the noise reduction performance may be 
balanced to the optimal extent, and at the same time 
55 high reliability may be maintained. 

[0075] Variations of the present invention are also 
possible. For example, as shown in steps 607 and 610 
in Fig. 6, in the current embodiment, when the split gear 
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assembly is shifted, the clutch is disengaged and then 
reengaged when shifting is completed for purposes of 
mechanical protection, but this clutch disengagement 
and reengagement may be omitted since the synchro- 
mesh mechanisms allow shifting to be performed with- 5 
out disengaging and engaging the clutch if the main gear 
assembly is in neutral and the engine is idling. In addi- 
tion, in the current embodiment, the split gear assembly 
is shifted into HIGH when lubrication is performed, be- 
cause the main counter shaft rotation rate is higher and 
lubrication may be efficiently performed. However, the 
split gear assembly may be shifted into LOW instead, 
although the lubrication performance will be reduced to 
some extent as a result. In short, the split gear assembly 
should be shifted into any position other than neutral. 
The specific values for each variable value (ToiM , Toil2, 
etc.) may also be changed in accordance with given 
conditions. In the current embodiment, the HIGH shift 
trigger interval and lubrication cycle period are both de- 
termined based on the oil temperature, but it is accept- 
able if only one of them is determined, in this case, be- 
cause there is a narrow range of fluctuation in the lubri- 
cation time, only the HIGH shift trigger interval may be 
varied in accordance with the oil temperature. 
[0076] As may be understood from the foregoing de- 
scription, the splitter actuator 20 and the TMCU 9 con- 
stitute in combination the splitter control of the present 
invention. 

[0077] As described above, when the engine is start- 
ed after a long layoff for a purpose such as maintenance, 
and the engine is wanned up with the splitter in neutral 
before the vehicle begins moving, the vehicle moves 
without the oil having circulated in the bearing areas, 
synchromesh units, etc., giving rise to the risk of lubri- 
cation failure. 

[0078] In other words, as shown in Fig. 1 and Fig. 8, 
because the main counter shaft 32 does not rotate when 
the split gear assembly 1 7 is in neutral, the churning of 
the oil by the counter gears CH, C4, etc. cannot occur. 
Furthermore, because the oil pump 35 also is not being 
driven, oil cannot be supplied to the various bearing ar- 
eas via the oil channel 87, etc. 

[0079] In particular, because a counter gear does not 
exist in the range gear assembly 1 9, scooping up of the 
oil by the counter gear cannot be expected. As a result, 
oil must be supplied by the oil pump, which is disadvan- 
tageous in terms of oil supply. In the range spline com- 
partment 85, oil is supplied to the spline units and the 
synchromesh units via the supply of oil from the oil pump 
35 and the scooping action caused by the rotations of 
the fifth spline 41 and output shaft spline 70, but be- 
cause there is no supply from the oil pump 35 when the 
split gear assembly 17 is in neutral and the range gear 
assembly 1 9 is not driven at all, there can be no scoop- 
ing of oil by the spline. Consequently, the vehicle begins 
moving while there is not sufficient oil circulating in the 
spline units and thesynchromesh units, and the problem 
of inadequate lubrication occurs to a significant-extent. 



At the same time, because the oil level OR is set to just 
cover the fifth spline 41 and the output shaft spline 70, 
inherently only a small amount of oil can be scooped up, 
so it is preferred that sufficient lubrication be provided 
via the oil pump 35 before the vehicle is driven. This is 
even more true at low temperatures, in which situation 
the oil does not circulate easily. 

[0080] Accordingly, in order to eliminate the problem 
described above, this transmission 3 has splitter neutral 
shift prohibition means that prohibits the splitter gear as- 
sembly 17 from being shifted into neutral when the en- 
gine has just started. Specifically, this means comprises 
a shift prohibiting program stored beforehand in the TM- 
CU 9. The contents of this program will be describ ed 
below. 

[0081] Fig. 9 shows the contents of the control per- 
formed when the engine is stopped, i.e., the splitter N- 
prohibition control. First, the TMCU 9 determines in step 
901 whether or not a vehicle ignition key is in the OFF 
position, i.e., whether an engine stop instruction has 
been issued. If the vehicle ignition key is not in the OFF 
position, the TMCU 9 returns to step 901 and waits for 
it to be moved to the OFF position, while if it is in the 
OFF position, the TMCU 9 advances to step 902 and 
prohibits the execution of control to shift the split gear 
assembly 1 7 (splitter) into neutral (N). When this occurs, 
if the split gear assembly 17 is already in neutral, the 
TMCU 9 shifts it into either HIGH or LOW, while if the 
split gear assembly 1 7 is in HIGH or LOW, the TMCU 9 
maintains that state. The TMCU 9 then ends control, at 
which point the ECU 6 stops the engine. As a result, the 
engine or the vehicle is stopped with the split gear as- 
sembly 17 in either HIGH or LOW. 
[0082] Fig. 10 shows the control process executed 
when the engine is started after the control process de- 
scribed above is completed, i.e., splitter N-prohibition 
maintenance control. This control process is begun 
when the ignition key is turned ON, i.e., as a practical 
matter, when the engine is started. First, in step 1001 
the TMCU 9 begins counting using a built-in timer. The 
TMCU 9 then advances to step 1002, in which it com- 
pares the counter value C with a preset value C 0 . This 
set value C 0 is defined as the amount of time sufficient 
to allow oil to be distributed among all of the various units 
in the transmission that require lubrication, and is deter- 
mined experimentally. Here, it is ten minutes. If the 
counter value C is equal to or less than the set value C 0 , 
step 1002 is repeated, while if the counter value C is 
larger than the C 0 , the TMCU 9 advances to step 1 003, 
in which the control to allow the split gear assembly 1 7 
to be shifted into neutral is permitted. With this, the con- 
trol process ends and normal control'shown in Fig. 6 is 
carried out. As described above, by this control process, 
the splitter is prohibited from being shifted into neutral 
position until the prescribed time C 0 has elapsed after 
the engine is started. Through this control, the counter 
shaft and the oil pump are rotated for at least the period 
C 0 , and sufficient lubrication is provided inside the trans- 
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mission. 

[0083] Fig. 1 1 shows a variation of the splitter N-pro- 
hibition maintenance control. In this variation, the split- 
ter is kept prohibited from being shifted into neutral until 
the vehicle speed exceeds a prescribed value after the 
engine is started. In other words, instep 1101 theTMCU 
9 calculates the vehicle speed V based on the output 
from the output shaft rotation rate sensor 28, and in step 
1 1 02 the TMCU 9 compares the vehicle speed V with a 
preset value V 0 . In the same manner as described 
above, this set value V 0 is defined as the vehicle speed 
sufficient to ensure that adequate lubrication is provided 
to the various units inside the transmission requiring lu- 
brication, and is determined through actual experimen- 
tation. Here, it is 50 km/h. If the vehicle speed V is equal 
to or less than the set value V 0 , step 1 1 02 is repeated, 
while if the sensed value V is larger than the set value 
V 0 , the TMCU 9 advances to step 1103, in which the 
control to shift the split gear assembly 1 7 into neutral is 
permitted. By this control process, the counter shaft and 
the oil pump are rotated not only during the warm-up 
period when the vehicle speed V is zero, but also until 
the vehicle speed exceeds the set value V 0 , and there- 
fore sufficient lubrication is insured inside the transmis- 
sion 3 when the engine is started. 
[0084] Fig. 12 shows another alternative of the splitter 
N-prohibition maintenance control process. In this ex- 
ample, the splitter is prohibited from being shifted into 
neutral until a prescribed time has elapsed and the ve- 
hicle speed exceeds a prescribed value after the engine 
is started. This control process combines the control 
processes shown in Figs. 10 and 11, or links the two 
control processes with an AND condition. Specifically, 
the control process is carried out in following order: 
steps 1001, 1002, 1101, 1102 and 1003 (1103). By this 
control process, the counter shaft and the oil pump are 
rotated for at least the period C 0 and until the vehicle 
speed exceeds the set value V 0 . and therefore sufficient 
lubrication is provided inside the transmission when the 
engine is started. It should be noted that these steps 
may be changed appropriately to create another varia- 
tion. 

[0085] Through the control processes described 
above, lubrication may be reliably attained when the en- 
gine is started, such as during the warm-up period, and 
failures due to lack of lubrication may be prevented from 
occurring, even in a range gear assembly having a con- 
struction that is not conducive to good lubrication. 
[0086] It should be noted that the present invention is 
not limited to the embodiments described above. For ex- 
ample, the present invention can be applied in a trans- 
mission which does not have a range gear assembly, 
because the present invention still insures sufficient lu- 
brication to the split gear assembly and the main gear 
assembly when the engine is started. The clutch may 
be a fully automatic clutch without a manual clutch func- 
tion or a normal manual clutch. 



Claims 

1. A multiple-gear vehicle transmission (3) compris- 
ing: 

5 

a main gear assembly (18); 
a splitter (17) that operates as an auxiliary 
transmission and is provided between an en- 
gine (1 ) and the main gear assembly (1 8) such 
10 that an engine drive power is transmitted via the 

splitter (17) and main gear assembly (18), the 
splitter (17) having a high gear position (H), a 
low gear position (L) and a neutral position (N); 
and 

15 a splitter controller (9, 20) for intermittently 

shifting the splitter (1 7) between the neutral po- 
sition (N) and a position other than neutral po- 
sition (H or L), the splitter controller (9, 20) pro- 
hibiting the splitter (1 7) from being shifted to the 

20 neutral position (N) when the engine is starting 

up. 

2. The multiple-gear vehicle transmission (3) accord- 
ing to claim 1 , characterized in that the splitter con- 

25 troller (9, 20) prohibits the splitter (1 7) from being 
shifted to the neutral position (N) until a prescribed 
period of time (Co) has elapsed after the engine (1 ) 
is started. 

30 3. The multiple-gear vehicle transmission (3) accord- 
ing to claim 1 , characterized in that the splitter con- 
troller (9, 20) prohibits the splitter (17) from being 
shifted to the neutral position (N) until a vehicle 
speed (V) has exceeded a prescribed value (Vo) af- 

35 ter the engine is started. 

4. The multiple-gear vehicle transmission (3) accord- 
ing to claim 1 , characterized in that the splitter con- 
troller (9, 20) prohibits the splitter from being shifted 
40 to the neutral position (N) until both a prescribed pe- 
riod of time (Co) has elapsed and a vehicle speed 
(V) has exceeded a prescribed value (Vo) after the 
engine is started, 

45 5. The multiple-gear vehicle transmission (3) accord- 
ing to any one of claims 1 to 4, characterized in that 
the transmission (3) further includes a range gear 
(19) that operates as an auxiliary transmission on 
an output side of the transmission (3). 

50 

6. The multiple-gear vehicle transmission (3) accord- 
ing to claim 2, characterized in that the prescribed 
period of time (Co) is ten minutes. 

55 7. The multiple-gear vehicle transmission (3) accord- 
ing to claim 3, characterized in that the prescribed 
value (Vo) is 50 km/h. 
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The multiple-gear vehicle transmission (3) accord- 
ing to claim 4, characterized in that the prescribed 
period of time (Co) is ten minutes and the pre- 
scribed value (Vo) is 50 km/h. 

The multiple-gear vehicle transmission (3) accord- 
ing to any one of foregoing claims, characterized in 
that the position other than neutral position is the 
high gear position. 



10 



10. The multiple-gear vehicle transmission (3) accord- 
ing to any one of foregoing claims, characterized in 
that the splitter controller (9, 20) maintains the split- 
ter (1 7) in the neutral position (N) for an interval (t jnt ) 
determined in accordance with an oil temperature 15 
(Toil) when it intermittently shifts the splitter be- 
tween the neutral position and the position other 
than neutral position. 

11. The multiple-gear vehicle transmission (3) accord- 20 
ing to any one of foregoing claims, characterized in 
that the splitter controller (9, 20) maintains the split- 
ter (1 7) in the position otherthan neutral position for 

a period (t H ) determined in accordance with an oil 
temperature (Toil). 25 
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